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Abstract— A heterojunction tunneling field effect transistor 
based on armchair graphene nanoribbons is proposed and studied 
using ballistic quantum transport simulation based on 3D real 
space nonequilibrium Green’s function formalism. By using low 
band gap nanoribbons as the source/drain material, the hetero- 
structure shows better performance including higher on current, 
lower off current, and improved steep subthreshold swings 
compared with homostructure. It is also found the device 
performance greatly depends on the source/drain dopping density.  
High doping density leads to fewer density states in the source and 
degrades the device performance.  
 
I. INTRODUCTION 
unneling field-effect transistors(TFET) has attracted 
intensive research interest for its potential applications for 
reducing power dissipation in integrated circuits as post-CMOS 
low-power devices[1, 2]. More recently TFETs based on carbon 
related materials such as carbon nanotube and armchair 
graphene nanoribbons (AGNR) have been studied due to the 
unique properties light effective mass, and direct band gap [3-6]. 
Theoretical studies show that carbon nanotube (CNT) and 
graphene nanoribbons can provide rather high ION/IOFF ratios 
with subthreshold slopes less than 60 mV/decade. In the AGNR 
TFET, characteristic of the device is modulated by use of 
energy band gap by varying the ribbon width [6]. By decreasing 
the width of ribbon wider energy gap can be get, and Ioff can be 
dramatically decreased which results in high Ion/ Ioff. At the same 
time, various structures and methods are explored to study the 
performance of carbon based TFET [7-12]. Strain applied on 
GNR is used to improve the performance of TFET by modulate 
the band gap of GNR [8, 9]. TFETs based on GNR 
heterojunction and partially unzipped carbon nanotubes CNTs 
are found to have more favorable characteristics for high 
performance application[10-12]. 
In this letter, we theoretically study a tunneling FET 
composed of heterostructure AGNR by using three-dimensional 
atomistic simulations. Compared to homogenous structure and 
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Digital Object Identifier 
previously studied heterostructure GNR tunneling FET, the 
proposed heterostructure TFET uses wide ribbon with small 
band gap in the source extension. Thus a reduced tunneling 
barrier at the on state can be set up, which is helpful to enhance 
on current; whereas large band gap ribbon is used as channel 
material to keep large energy barrier at the off state and get low 
off current. Our results demonstrate that high Ion/Ioff and much 
smaller subthreshold slopes can be achieved in the 
heterostructure TFET. By modifying source/drain doping, the 
device performance can be modulated. It is observed that hetero 
TFET with low source/drain doping exhibits a better 
performance in terms of ION/IOFF and steep subthreshold swings. 
II. SIMULATION APPROACH 
As illustrated schematically in Fig. 1 (a), the modeled p-i-n 
tunneling FETs has a double-gate structure with a gate oxide 
thickness of 1.0 nm and the dielectric constant of κ= 4 for SiO2. 
N1 and N2 denote the number of atoms in transverse direction 
in source/drain region and gate channel region, respectively. 
Because the band gap of AGNR depends on the width of ribbon, 
we can design heterojunction by use of different width ribbons. 
For N1=N2, the whole transport part of TFET has the same 
width and is homogenous; otherwise, the whole channel is a 
heterojunction composed of two kinds of semiconducting 
AGNR with different band gap. Source and drain with wider 
AGNR than that of the channel is studied here as shown in Fig. 
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Fig. 1 (a) Schematic view of double gate GNR TFETs  with  SiO2 oxide 
thickness of tox = 1.0 nm  and dielectric constant of  k=4  (b) Atomistic structure 
of GNR heterostructure, which is composed of N=16 AGNR in source/ drain 
region and N=10 AGNR in the channel . The p-doped source and n-doped drain 
have the same doping density of 0.005 dopant/atom. Source and drain have the 
same length of 10 nm and channel length is 16nm. 
> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 
2 
1(b) with N1=16 and N2=10. N1-N2-N1 is used to denote the 
junction structure. 
The device characteristics in ballistic limit are studied by 
self-consistently solving the 3D Poisson equation and open 
boundary schrodinger equation using the non-equilibrium 
Green's function formalism [13]. The Hamiltonian of the device 
is described using nearest-neighbor tight binding (TB) 
approximation with a single pz orbital and a hopping energy 
t0=-2.7 eV.  In considering edge-bond relaxation, the hopping 
energy along the edges of the ribbon is modified as t = 1.02 t0. 
III. RESULTS AND DISCUSSION 
Transfer characteristics of AGNR TFET with different 
channel configurations are shown in Fig. 2. Two structures are 
composed of homogenous AGNR along the channel with 
N1=N2=10 and N1=N2=16 respectively, and another structure 
is heterojunction with N1=10 and N2=16. From Fig. 2, we can 
see that the performance of homojunction greatly depend on the 
width of ribbons. With the width increasing from N1=10 to 
N1=16, ION and IOFF increase while Ion/Ioff decreases greatly. The 
degrading of device performance results from the change of 
band gap with width variation of GNR. For armchair GNR the 
band gap is determined by the width, which is in general 
inversely proportional to the GNR width. As the GNR width 
decreases from N1=16 to N1=10 , the band-gap increases from 
0.70 eV to 1.10 eV, leading to smaller on and off current due to 
the suppressed tunneling effect. Larger band gap usually leads 
to larger ION/ IOFF ratio but low ION.  In order to maintain lower 
IOFF and to get higher ION, we use wider ribbon to substitute the 
source and drain of 10-10-10 and have 16-10-16 heterojunction 
as transport material. Compared to 10-10-10 homogenous 
structure, the IOFF of 16-10-16 hetero-junction get smaller by 
one order while ION at VG=0.6 V increases by one order and lies 
between those of two homogenous structure, which means 
higher ION/IOFF. Another interesting feature of heterojuction is 
that it has much smaller subthreshold slopes (SS) down to 27.29 
mV/dec than 47.96 mV/dec of N1=10 homostructure AGNR 
TFET.  
In a tunneling FET source-drain current is controlled by 
modulating the tunneling barrier from the source valence band 
to channel conduction band. At off state, the source valence 
band is below channel conduction band. Hence direct tunneling 
from source to drain (DTSD) plays an important role. Fig 3 (a) 
show the conduction and valance band profiles of 10-10-10 
homojunction and 16-10-16 heterojunction at off state under the 
gate voltage  VG =0.2 V. We can see there is nearly the same 
tunneling barrier across the channel while a little difference 
appears in the channel drain junction. The tunneling barrier 
difference is due to less voltage drop in the channel of 
heterostructure. Thus, hetero TFET has a larger tunneling 
barrier in the region which leads to smaller off current. At on 
state, the current mainly relies on band to band tunneling 
(BTBT) from the source valence band to the channel 
conduction band.  Fig. 3 (b) and (c) show the local density of 
states and band profiles of 10-10-10 homogenous channel and 
16-10-16 hetero-junction at VG=0.6 V and VD=0.4 V. It can be 
seen that under the voltage and the doping density channel 
conduction bands of both devices are suppressed below source 
valence bands. So there is an energy window for BTBT from 
source valance band to channel conduction band, which 
dominates the current at on state. Due to different band gap of 
the two structures the energy window between source valence 
band and channel conduction band of 16-10-16 heterojunction 
is wider than that of 10-10-10 homojunction; moreover, 
heterojunction has a thinner tunneling barrier. Fig. 3 (d) shows a 
comparison of the energy resolved current spectrum for two 
geometries at the on state, which confirms the aforementioned 
phenomena. It is shown that 16-10-16 hetero structure has a 
larger BTBT energy window and larger BTBT current. Below 
the energy of channel conduction band, 10-10-10 homostructure 
has a larger DTSD current due to the thinner barrier in the 
source channel junction, which is similar as the case at off state. 
 
 Fig. 3 (a) Band profiles of 10-10-10 homojunction and 16-10-16 hetero- 
junction at off state at VG=0.2V and VD=0.4V. (b) and (c) shows local density 
of states of  the homojunction and  the  heterojunction  at on state at VG=0.6V 
and VD=0.4V . (d)  the compared energy resolved current spectrum at on state 
of  two structures. 
 
 
Fig. 2 ID–VG characteristics of GNR TFETs with different atomic junction 
structures at VD = 0.4 V with dopping density of NS/D=5×10-3   dopant /atom.. 
10-10-10 and 16-16-16 denote homogenous junction with the atom number  
N=10 and N=16  in transverse direction. 16-10-16 represents hetero-structure 
with width of source /drain N1=16 and width of channel N2=10. 
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Compared to BTBT current, DTSD current is much smaller. 
Consequently, 16-10-16 heterojunction has an improved on 
current for the contribution of BTBT effect.  
Next we focus on source/drain doping effect on device 
performance for a given device structure. Fig. 4 shows a 
comparison ID-VG characteristics for 16-10-16 hetero AGNR 
TFET and 10-10-10 homostructure with different source/drain 
doping density of NS/D=5×10-3 , 1×10-2 and 1.5×10-2 dopant 
/atom. The figure shows that device performance greatly 
depends on the doping concentrations. For homostructure, 
current increases significantly for all gate voltages with the 
increase of source/drain doping density as shown in Fig. 3 (a).  
This is due to the fact that more carriers are available at the 
source region and the direct tunneling thickness from source to 
channel gets narrower as NS/D gets higher [14]. While, the 
situation of heterostructure is different from the case of 
homostructure. With the increase of NS/D, the current at a high 
gate voltage VG>0.5V gets smaller. In order to study this 
phenomenon, band diagram and local density of state at the 
source center of 16-10-16 hetero-structure under VG=0.6V are 
presented in Fig.3 (b) and (c), respectively. Fig.3 (b) shows that 
a higher doping density decreases the tunneling barrier and 
increases the band to band tunneling at the source channel 
junction. However, the thinner tunneling barrier doesn’t enlarge 
the current. This is because the tunneling barrier is not the only 
aspect determining the on current. Available carriers at the 
source also play an important role. Local density of state at the 
center of sources is shown in the Fig. 3 (c). We can see that there 
are fewer states at the source around the fermi energy due to the 
increase of doping density which leads to lower ION, even 
though there is thinner  tunneling barrier.  
IV. CONCLUSION 
In this paper, we perform simulation study on the 
heterostructure tunneling field transistor composed of two 
deferent width graphene nanoribbon. In the hetero-structure 
tunneling FET, wide ribbon with small band gap is used as 
source material, which results in reduced tunneling barrier at the 
source junction and leads to high on current.  At the same time, 
the large band gap ribbon in the channel helps to get low off 
current. Consequently, the performance of the hetero TFET is 
greatly improved with higher ION/IOFF and smaller subthreshold 
slope. Besides, we analyze doping effect on the device 
performance and find that even though higher doping density 
will make the tunneling barrier at the source-channel junction 
thinner at on state, fewer available electron states around Fermi 
energy will finally leads to smaller on current and deteriorates 
device characteristics. These results may be helpful to design 
heterostructure tunneling FET. 
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 Fig. 3 (a) ID–VG characteristics of 16-10-16 hetero (HE) and 10-10-10 homo 
(HO) GNR TFETs with different doping density of NS/D=5×10-3 , 1×10-2 and 
1.5×10-2 dopant /atom.. (b) band profiles  and (c) local density of states of 
16-10-16 hetero-stucture at the on state with doping density of  NS/D=5×10-3  and 
1.5×10-2  dopant /atom..  
